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THE LIMITS OF CLASSICAL PHYSICS 
The Dawn of the Quantum Theory AijiaiSI .£^ 



CllliLud j£VI (j)\ c-LaLdl <_ja ^)Jj£ -V^C-i 4^)jaiC. £juAlill (j^)lll A-J-g-i 

^ liSI A JaJjat dl JSL* aSI q'^* ) V] ^S A_j| j 1 g Ag 3 j lA^Lajl ^3 A_ia1xJI 

9 ^_g-Ai*JI ^.iajll <_ja Aljuili Clul£ J Ax-ljlll o3b (jj .^LjajVI “^3^ ^1^4 

Newton <jj j — 4j KuKja ^ — JliL all ^^Jc. — Jlaj ^iSI j ciNba-a 

J. LaGrange and W. jJiLd — &j ^ j— ?N jbdUJI 4_k^ljj dijjla cs-^J 
^ gi ^SS.^ j l_£Ij£SI c_L^ajl Ajjiajll o^a ^GVumI il iia. .Hamilton 



1 — £xaLip j elasticity theory A — j jj-all Ajj^ oi£*-a1I jaI jliil <_> jji& 
4ojl j — =JI j Jioi — SI yal£j jUjj J ja. ^SUll CjI jUJ hydrodynamic ,*3 >dl 
I^Uji — ^ (jjjtaS! J lsAjj^V' cr^' J Carnot <—) djlaJ 

J. Gibbs ^ ^ *-SI «ij (< _ 5 ^ c ' iy djLajVI oia ^±n Laj tAjjl^aJI 

. AjjI jaJI l£Uipll ^Ac. ^jjujI c-Loi^y 

A jjJViSI J £ SI (J Iia) f.1 J^i&ll U * C£^) ^1 ciNI --■& i j 

.a — Sijala djIjUJ (optics and electromagnetic theory a k > mU i»a jj^ISI 
a-SIIaIa J. Maxwell ^Sl*JI 3_iSI jj ^giiSI a_aL^JI djLalimjuNI 4 3ii>a9 

A jj^^SIj c-jjJa SI CliVI a*-o ClO a.j ^ jSI j "a la-U .adlj" p jjg r>)SI AjV3-*-aj 

^SlxJI 4 !■» . .I j \ 4 jIa* -dl L_l^)l_aliSI i^ya ClllajVI olA £A±j b°J 4 xuuJal ’'■» * 

. & jj^alS Aja. j-aSI Aatjj)-»SI cIjIjjI ^gJ] dj3 ^1 j 1887 ^lc- ^ H. Hertz 
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^ * 4 — . - ■ — 

d xj La ddj£ c-b^dl! ^ qfid aII dlVl -n a\I ^3 dal jdjVI edA <J£ 

L> ^ x j dj^j t^jjdxJI bjjall ajIaj Classical physics Ajdl&ll ^bjdlb 

/ CaSl ala adds, Cub *u9 aaAlLa Ia pjuiij a \lLoil , dll a oddbl Ajjj vdall ^cjldll 

quantum theory a^S 1 \ Aajldlb jV! ^^oli U al j oddJI ^bjdll ^4* ^ 

I gXdd (j « (Jj^a =al dlLo^'^ °-^A A-lild L <>>^->*1 (jl (Jj^aall I^A ^3 (Jjl Knj 

. A .idLlI Aj^Jaill A3^>xd 

AaaJjjj dl / >*al a dll ! , - 9 a 3 1-dJI 4db dill ajAlLoll / ;^i id Vi 1 "iVd i a 

the SdLall A-a^^ll ‘the particle properties of radiation pU-b^ll 

the quantization of Adbjdll dabdbl ^ia£j j 4 wave properties of matter 
.^Alixdl o3A 4 d a l laj J^ill Id, .physical quantities 

"jj^utVI" *iy II ^Ixdl ,1-1 

1-1 Blackbody Radiation 

j^uiVI ^ <*1 y II plaid I ^ jd ^ ^jSLaTi AjdlaHll fbj^l - 
- Blackbody Radiation could not be explained by classical physics 

Ajdlajll Abbjdll ^jAlLdl ^ 0 jjj dua^.1 ^^lall A^aj^dall ^cdlllHI ^aAl ^ 

3 ac. ^ j 1 x_a 1I <j a 3 . 1 g lid da dc. ^Loi^VI ^pb-all p IxdVb Aalxldl tdlla 

^A^.Vb Ida 4" iaa> ejl^iJI A^.j3 o-ibj £-a jja'n Ajjl (j! .dJ iba ^jjdjuia 

^joiaJI laA ^ya d ix doll plxdVI (j^ J id^pll AlVdj . jj^jVI 4 4 

bjl dii^. tdilaajjll alajj CojI^^JI 4-^.ja pldjl dc-j tAdaidd dildjd Ida 

^j^lll a A a^jlLa cb b J plxdVI C bin Aalado ^9 (Jba jd ^a^VI 

^jua^JI A ■» ' <b ^_b. Aajx_i Lo ^juo^. bh 0 doll pLxdobU aa^pll ^ a lla ^j\ ■ cijjV' 

dild^j dll J£ 4" ix jj jl ^j^->“iAj <_5dll j ideal body ^b>bl ^>>1^11 {jfiS j tAjud 



- r - 



PDF created with pdfFactory Pro trial version www.pdffactorv.com 







t jj J ! o JlLo 4-illiLo <SL^. j y'lajj ^jjujVI ^jaiaJk 

, -ijjulkfl ^JOl^JI ^LxjujI ^g-C-uJJ .ijjaJ «> nfN dliX-LLall 

an ideal body, which absorbs and emits all frequencies, is called 
a blackbody and serves as an idealization for any radiating material, 
the radiation emitted by a blackbody is called blackbody radiation. 

jll ^ jjujI j^l troll ^IxjoiVI oAjuj jjju ^uJa jJ 1-1 (J£juj 

(jjjjl jjjill Aj>i*JI (JjLi. ^3 j . A xi Aic. tdlij 



■tij 



n uol 



Jjsl jj (j jAj (j^l j ( 1 - 1 (^) 4 _ijj j^j]| ^ AjjJak j kS^lx-a 

j il^.j 11 J (jj-alkdl O' 0 J* ^ O^A CllV jl^^all ^Jjlj 

afr jjiill ^^Ic- kkj Ciqu^ l ^Jill j Rayleigh and Jeans 

I 4 it u/iL kiL/kdl o ^A <jk£ 



u(wT)=- 



8DK T 



C 



(1-D 



J— £1 J j — a. IgjAa. jj energy density kakkll kak& U (v ,T) 



<. lia, 
** 

3> 



4 £. j ^ Jail 4_C- jjo: C i(jk — L£]Ij Sjl ‘( 1 - 1 ) 4-kl*-Ail . (J/nr ) < » 

A S^Lx-a l_Jjoi kiL/kdl (j^JJ 1-1 jxJaidAll -IxaJI . <jka jj] jj dljlj Kg 

!ill Aic. ^tjkjllj kiikkdl oA4> (j^J (jjsljjll Ja^V . jiia> " ^gllj 

A jl 3 i j il^.- II J 4-kkt-a l_Luia. j 44_ilkdl ClllAijjll Aic. . 4jJai^L<dl 

CLi\^j iJI LoAic. tdlij kjl^j Vko <_gl] (Jj^ajj v 2 I Lilia ^l^jj ^kuiVI 

li — a j ultraviolet <^AiA\ Jjji AxJjVI kaJaio ^ 11a j 4jlg_j VI* 

(1-1) 4-hkmll ^ .ultraviolet catastrophe ^jja jk&jVk k® 

. kjlgJ Vk® ^_gl] jk«Q Cl)lA}jlH (j£l J 



c p 8 Ck T 

J utVj^dv =J — — r— v" dv— > °° 



C 
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.iUjj plxjuuVl oAjuj (jl C n*\ 4 _ijj^}^j]| jjj 4 •Nj'nN oiAj 

J] J& fJ V max — } ^ >»jj U^ ^JC. UuS J) 

lU ^)J-i aJI (_5 jbuij V AojS (jl ^ jjt-j I ^A 



(_j£-kllLj jA La£ 4-^.j.i ^yiij £-a jJ»Ti 



4 Jo^k^La 




FIGURE 1.1 

Spectral distribution of the intensity of blackbody radiation as a 
function of frequency for several temperatures. The intensity is given 
in arbitrary units. The dashed line is the prediction of classical 
physics. As the temperature increases. The maximum shifts to higher 
frequencies and the total radiated energy (the area under each curve) 
increases significantly. Note that the horizontal axis is labeled by 
v /10 14 s" 1 . This notation means that the dimensionless numbers on that 
axis re frequencies divided by 10 14 s’ 1 . We shall use this notation to 
label columns in tables and axes in figures because of its unambiguous 
nature and algebraic convenience. 
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jl<at II ljjIauIIj AjjIalSj <jjj JlLjuVl id Ja uL£ 

AsUall *j A<, 'j Ci£Li ^jJjj 2-1 

1-2 The Planck Distribution and the Quantum of Energy 

aIVI ^ll-*-ll ^A Jl ^uataJl ^UdV ^ea j^A <Jj 1 (jj 

jl d — jl>Lj <jdj_dal 4<jjj]aj . 1900 ^lc- ^ Max Planck d£d (jdU 

"dl a! A j j^aII dll j j^pSiyi jl jliAl (j-o J jjmVl ^auaiaJl jpj Cl 1» uaII ^-LxCiyi 

^l*dyi L Ilia Ad luli Aollc. dldjj die dljljliAVl ad jjjdj ■ ^uaiaJl 

jjj 3j c-1 j a^JI d d AjljoiVIj (^jdl f-jdall AalaiA ^5 dleejll C' la uaH 

A j^Jdl 1 Ilia . L illdl 1 JA ^ jdl jll dl d jj j^A (jl dJ V La1ij 4j-v ^'Q jl' 

L_1J uj ^gA ^glill j t o j'ig a 11 dl_j jj^iyi AiUa (jl IdJa 3 a Ajli 4 jjj^.- ^1 j 

S dj . 4 aUall (jA Adi jl dvlj (jl lg-1 ^ jajula - oCLaII (j>a ^l*dyi dl*Jul 

f.\ jjdll is 2 .A Jdiiill c-ljjjill Adajill dlixiLiVl jd] ^gA Adajill 

£. fS^d! (J iio) did Id A (J IaJ ^^gjllj OjdllAll Ajjljjjill dljA^H 4Aj, J Villi 

.kldd ^a did (j£x»j (energy Aalkllj Momentum A^jdl a^ 4 Position 

In classical physics, the variables that represent observables 
(such as position, momentum and energy) can take on a continuum of 
values. 

jjd jjjaM died SjjjjJaJ — o jj^q'i (_ 3 -axj — d£>lj ^llxll djel eilj 
LS-* 4— £^V1 Aldaja Cdlla ^djjdll j^idl id ^ j> 

dj J 4_Liuil_ljj j 4 1 i. ro’i a jjc. 1 g Aja j And o j"lg a 11 dl_j jjj£ 1V1 AaUa | 4uwll 

E = n/ 7 V Alelxdl (J^ld (j-o dli j eejill £-a ksi (^^-d 
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Energies of the oscillators were discrete and had to be 
proportional to an integral multiple of the frequently in an equation of 
the form E = nhv 

c_fljxjj C-Jjqil nil dulj h jA n i^Jd-iLdl AlUa ^A E d‘ 

. L-iAiYi^l -i-ijj jA V j dullij 

q cAdL^a^j Aj^jl^ya. ^jAILo j Ailiall lA±«a Eldj 

1 A-llllill A_ijdalj^)]l AjL/lxJI ^lULuol 



u(v,T) = 



8 Ch v 3 
c 3 e hv/kBT 



-1 



( 1 - 2 ) 



dllA^jll (_]£ Aic. A_nj^aAll LoLoj Jjijj oAbj 

-i JJUlVI ^uatsJl ^Uiy <A1£/Ij L_fl^)XJ (1-2) A-Elxdl 

Planck distribution lance for black body radiation. 

A-Ebt-o ^1 AElx-a (Jjjjj tA >>»q-N 'idl dllAijoll Aic. (i) 

J] 



, hv T «> 


fjli i ^ v Fj I-gAWI 


hv 


k B T 




V 



e v =1 + vh 1 - ... 

2 . 



a_lujV^ aJIaII a 2 f° 



A lie. J \ lixll (^yi ujVI dll 3 AjAaJI JUa] I dfLaJ to^jx *. y d±jld 121 

aJ^Ix-o AjIj£ 1 Vi^xij aJUJI c2a v«i d±jl£ I2j tdEj 

8Qi v 3 8Di v 3 



e v ~1 + v 



u(VjT)=- 



c 3 hv c 
c 1 + — _i c 

vT 



3 hv 



, T\ rp 

U (V I T )= — K B Tv 



d-3) 

■ " L 5 "^ J AJaIjug (^^A oAAj 

yai Aiiyi (ii) 
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u(t) = Ju(v,T)dv=^Jdv hv/k V 

o c “ e B - 1 



dv = h dv 

k B T 


s- " 

u' ^s— 1 ^ A 4 


hv 

V_k B T 


C. jxj 11a 




j t jjxjj 4 . 


k T 

dv= B dv 
h 


j dv 4-SV aj dv 4-it£ 1 uSai j 



Jc. (Jj^aaj dv aIVaj dv cdll£ j 


k B T 

-f-v -JVjt 
h 


. _,. 8Qi f .kT, v 3 kT 

U(V - T)= ^ fh ) e--l ( h )dV 

= 8D, f( kT )‘ V ’ dv= 8D \ k »Vf »’ dv 

c 3 J h e v -l c 3 D J e v -l 


D 4 

15 


j Lujj 4 ‘)a a 3 


f vJ dv J.IS 311 

l e v -1 


, um= “ ( k . T , 4 ^®(S‘T* 

c 3 h 15 15c 3 h 

= aT 4 (1-4) 




a= 8 V *) 4 

15c 3 h 




! C_u 2 k 

** 



Stefan- <jl — ^ <jjjl — ^ c — 0 — ( 1 -4) 

. ^ j^=dl JU AjKII Ailkll Boltzman 



11] 4il ^gfc. (j^ajj j Wien <jjl j (Jj^-9 ^ — ] l>* ^ v^Sxi'i tdjlta aJjsIxa (Hi) 
^_j\_3 U ^JLLail 4 _aj 3 JjLLdll ^-^.^aII (J ^la]l JaaJ X ClljlS 

\J\ <42)11 4-ajS Ulk*J T oj'j^' LS* K 



X T = 2.90xl0“ 3 m.K 



■■( 1 - 5 ) 



. <A 1 £Aj <_ja ( 1 - 5 ) aJ^L*-a ^^ic. (J llj 




dv(v) 

dv 
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or 






d 


8Ch v 3 


=0 


dv 


_ c 3 e hv/kBT -l_ 



k B T hv 

vv — - — dv , v = 

h k 0 T 



Cf- t£ ' 0 



J ^\Vi dljljjll (JS ^ic. a1^\jlA\ ^9^)1 a A xim'qj j 



3(e v -1)- ve v =o 
3e v -3=ve v 



e v 4_AJuiklLj 



or 



3-3e""=v 



3- v = 3e~ 



( ^ - £ ) i]$ui ^ (3e v ) j (3-v) 




n - 
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Solar radiation intensity 






(jl Ai-j 4 (_J£joi1I ^JA 



v = 2.82 
or 
hv 



k B T 



:2.82 



or 

k T 

v =—5 — (2.82) 

max h 

c h T 
■=—^—(2.82) 



X 



orX T 



he 



(6.63xl(T 34 J.s) (3.0xl0 5 m/s) _ A ftw1ft _ 3 _ T , 

. — z.y x iu m. Jx. 

(2.82)(1.38xl0“ 23 J.v ) 



2.82K r 



iilkll ^uataJl Aj^ylaj (jl tlk°J 

t JOl | i jjJa ^jJa jj j ^ o Aj, wM tilli j 



<■ Ua 



) 



X =500mn 



£ £ 

^jl AaJ 1 j\» 11 l" tl qjJo {ja (JjoLLo (jji-Gjudll 

6 J ji. <=v j jiin jjlj jjjla Aiaxuljj <( lnm = 10" 9 m 



^ 2.9xl0“ 3 m.k 2.9xl0“ 3 m.k COAA1 
T= = r — =5800k 



X 



500x10 3 m 




xajJalaxx L kJall 
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lx& j4 * 4 

FIGURE 1.3 The electromagnetic spectrum of the sun as measured in the upper 
atmosphere of the earth. A comparison of this figure with Figure 1.2 shows that 
the sun's surface radiates as a blackbody at a temperature of about 6000 k. 

jli nv ^ j (quanta aIIaa) AlUall Uajc. Llxjj 

(_£ jLuiJ AliflUa ( 



lA = FF lu m 



l Ua. 



) 



?i = 6000 A 



aIjL J 



r , he (6.63x 10 34 J.s) (3x 10 8 m/s) 
X (6000x10 m 

=3.3xl0~ 19 J = 2.06ev 



a.j) (W) -ialj 100 4 12a (jl£ I2jj 

jxajj N djl£ 12] J\ aLum 12 a <(W: Joul/sec 4^12 <J$1 J ^ Watt -la'ji' 

<jl a hv jIjuj j AiUall ^ <j£ d±jl£ I2li 4 olJ jll 4L121I ^ dLa£ll 

.Power = N (hv) 



•. P = 100 = W = Nhv 

100W „ _ 20 



N= — 



IQ =3x10" guanta/sec 
E 3.3x10 9 J 



llulLui 



J d c. ^gJ] l-<^ dil ^ 1^. dc. i.Aki.1 12a j 

. ( ^A AiUall ^ (JS ^)2al ) £ J)* All A-iAiuiaJl A x-iilallj 

1-3 The Photoelectric Effect jjjUII 3-1 

< — jjla j d^_£l ^ — all 4 jjUL jl£ tdjj 1887, 1886 ^le- ^ 

La ^gjUdVl ^jLjAjall s 2j2j£1 45 . j> All a ajjAllj a >^>l ^11 (Jjjjoi£La 

ultraviolet light — aL Jjill 4 jj ijjJall AjJ^\ j Heinrich Hertz Jjjj a 

^^ajoli ^IxjujVlj ^Ja-uo ^j>o dlj emission (dlxLl) ^ 1 u >6 

jjfc ftj 

(jc- fi ^^ gjoaLUx^ jj^ll ^-UdVl (jli eUjjiil (jjj'jal UfLj 

(Jl a^all 1 iLoAl ILa) ^IjuuiVI dlx-gl £>Lajl ^^ic. Lp^AC. s_i2j2jj l)1^° 
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intensity of the j Ua AjIc. j£jj j Aajj ^aIIj ■ ( ^ ^ *11 

. cjr?J^ JL?**11 £_« L_Lailiij radiation 

The intensity of the radiation is proportioned to the square of the 
amplitude of the .oscillating electric field. 

<3 £ a L-O jAjj (j! ^Ja-uj 

L-O Ajx uo j (<1* uj) AjA ki Ld£ j tlgjlc. -La^Ldl ^^£11 

1 g-£>Llajl j IgJalijjl ^jo>£ ^gJj Ajlg.21 ls* 1 dl lb jjj£T21 

JU^dl (oA*i) Ajljuj .wWh» j kinetic energy AiUaj 

£. a 1 »LoJ -llsdli ) I^A (jj .JaSLuJI ^Lljuu/LI 

C dlLaJ ojAUall dAq! kjjljjjill dlA4>l2udl 

aAuj ^^ic. Aajxj V ^Jajudll ba nbl db AsUaH A^.j -1 

. independent of the intensity of incidental dUdVl 

^IxAiVl jl£ V] ^dajudll ^F 0 i" la -L3J V db (jl llJJjdj Ai . j -2 

juj^l oAuj ^jc. ^jAaxJ v o (jJ** (j' 0 ^>^1 daSLudl! 



.AJU1. 



. 2 P*-dl Ad*j v 0 bajSj threshold frequency njA 1 v c njA I 

^ l ;h»-v L—boiLiL Ajx dbl i“ A 1 ksliall ^jl A^.j 

, 1 -4 jA La£ v 0 f@ dljl£ I bib J 




99jj 1I db ksUall ^xi9 ^jju ' 1-4 
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FIGURE 1.4 The kinetic energy of electrons ejected from the surface of 
sodium metal versus the frequency of the incident ultraviolet radiation. The 
threshold frequency here is 4.40 x 10 14 Hz (1 Hz = 1 s' 1 ) 



mil 









ysLi aJ L-lLj.V’iaH ^ic. Ja£S AjjUall 3 a jjda cdjjlj jl liA j 

V '» yi La I j L! ( E = nhv AllJa t^lLaJ ■ 4 _j \_3 v 1 ili) AjjlJa]! Cl '» -U 

£jJa aj 4_)Clc. (tdjjLj La£) (dl >■ 15 a ^Luajh 

cILa /'la AaLi oA La , jl i lA A A£ii /'uUjullil dLL! La! 4 vvVa 4! 4_uL) uill aoAl Loll 

l, ^ ** r ** ** ** **- - /** r *• 

di* .uj 4_Lo ch» juaII ^laJiyi (jj 3 4 -iAjaIaI! ^gic. Jala (3yiajj V ,j] JUa 

^ S (J £ A aUa j 1 g >>»» \ ^jc. Ajj^aiia (AjjUall (_ja ^»ja. (j -0 Cl)La£ 

. 4jic. photon jjAjill fuJ cS^'j E = hv 

Einstein proposed that the radiation itself existed as smell 
packers of energy, E=hv , now known as photons. 

(jiLLujl j ^Conservation of energy AiUall iiia. Iiu* ls 1c. l^Lqj 

m a — L£ ll ji (jjj — J^iyi 1 — g-j Cj — xjjj K.E=- mv 2 A-i^j^Jl AaUall jl 

(jj j^iil AJaSLuo 1! AjjUall (_jjj ^jc. o^Uc. (jCx-al! ^Jajuj (_ja (v 4 -C.^joiIIj 

\V jp st-alL AJaJ^) AaUa j "LajV AlUa (_Jslj hv 

. Work function <J*^ j U — J LLaj W 



I A_dUi! AJjLlaIL dj&j jjj-ui La A^Ltua UILajj 

K.E = ^- mv 2 =hv - cp ( 1 - 5 ) 

(j j — (jl (j — £-aJ V hv-(p (Jj 3^ — 3 4 _ilc. J -^mc 2 O' 



j — A a jjUl A — aUall ^ — A /iv — 1 4_aJ5 (3^ (jj . hv > (p A_jl (j£\ „ l_i]Luj 



: jl v 0 Ajic. ^jc. Uvwj (j-o uj 3^V^ 

hv 0 =(p (1-6) 
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JU*?> 



ic. (1-5) aI^Lx-o Ajtj£ 1 n^<aj j 

-^-mc 2 =hv-hv 0 ( 1 " 7 ) 

-IALuiJ La LaLoJ ^A j (y = mX-C o^^nall C -) -%jq‘u»xi L» A 4 j^Lx-a o^Aj 

. 1-5 JLS A^jJa^dl Ajjj^^j]! 




Figure 1-5. Photoelectric effect data showing a plot of retarding 
potential necessary to stop electron flow from a metal (lithium), or 
equivalently, electron kinetic energy, as a function of frequency of the 
incident light, the slope of the line is h/e. 





'c>A oi Aj teV (j ^Jaxj o^lc. (J) 1 A^jouIIj . Al^lx-dl 

(jl ^ q m/s d'l* ±La]l Ac.^)jai (LUi-a) L-lLoiiJj tAsUa 



A2j daJ i u n ViH AjLoxj > oL) > 

** ** * r ^y ** ** 



JUnl! 
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(ja :Vj! 



(1 coulomb) (1 volt) = 1 Joule 



(_£ jLuij uj^ Ail jVl 4 w ii'W j 



AjA 2 c- 



1.6x10 19 C <_£jLujj yjpjjjil AjIjV^ 4 K>a'l j 



leV = (1.6x10 C) (IV) 
=1.6xl0“ 19 J 



( J J ail j^jj J ) 



v e 



aaj !ill a y'ic. 4 1.82 en ^jLoij 4JI4 

■ dj^ J! eV (j* § ^ jL : V j : JaJi 



<p = 1.82eV 



= (1.82eV)(1.6xl0“ 19 — ) 

eV 



= 2.92x10 19 / 



v o 4 -iljoi 2 k. 1 i3£^aJ [hv 0 =cpj (1-6) AJ^lx-o (j-oj 



cp (2.92x10“ J) 
v 0 



h (6.63xl0“ 3 J.S) 



=4.40xl0 14 — =4.40xl0 14 H ^ 
5 2 



J5. jj Hz 

! 3 JIj-o 

^a jJjuiIj ^J a-uj ^^ic. laiLuU 3500 A lg-1 ^la Aja> juaiij i3j^ 

.1.6 eV (_5 jLuoJ djbjjJ^]^U AlUa 
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JU*?> 



?^jJjuAj (_Ji-uiSI 4 Jle 



(. jjoL^.1 



:J=J 1 

( 1 - 5 ) 4 -l«A*-a (j>j 



K.E = hv-0 
.\(p = hv-k.E 



hv 'LajS V jl 



l HU'S 1 



he _(6.63xl0~ 34 J.s)(3xl0 8 m/s) 
k ~ (3500x10 10 m) 



dl] ^3 qjjj£]LU A Aiall a4A j 



.•.cp = 3.eV-1.6eV = 1.95eV 



A j I 4 _i£^aJI A^Uall jU 4 ^- L*_klLL ^^Aii]| SeLa ^Jajui j .lie. | Jlla 



k = 300.0nm elul£ lei tAlej 2.935xl0“ 19 J 4a*_iia]| 

c * 



1.28xl0~ 19 J 



^jLuii AiUail jli k = eiul£ lej Lai 



ci±Aj (a) c- un«J 



?eejj]| Aik. (b) 



(c) 

^^.^all (J^iallj JjVI i _^.^a]l (J^Iall 4-SLa* ^ (1-5) 4-lelx>i ^ya ! (J^JI 

JC. J^VE ^g-jl^l 



(K.E) 1 -(K.E) 2 =h(v I -v 2 )=hc (- 1 -- 

\ k 2 





2.935xl0“ 19 J-1.280xl0“ 19 J=h(3xl0 s m/s) 


1 1 


3xl0” 9 m 400xl0“ 9 m 
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, 1 . 655 xl 0 19 J in -34 TC 

.h - — -=6. 625x10 J.S 

2.498x10 4 s 



^ = 300nm J Aklj 4 44 jj 1I 4_iic. l_i 1 jjia, ■1(b) 



.-. =hv -hv t 



2.935x10 19 J 



he 



300xl0“ 9 m 



-hv 0 



j C,h fJ§ CP 



v =5.564xl0 14 Hz 



()) = hv 0 4&U1I 6 L- UtlVl (_J*judll All 4 ( X ) 



= 3.687x10 19 J 



3.687x10 J 



1.6±xl0 



-19 J 

eV 



-=2.30/eV 



jjjb 4-1 

1-4 The Compton Effect 

the particle £■ l* — — aJI Aa^dall ^ jjJa jj ^JA\ Ajjaul! 

<jj Jl — *11 A^ou (fijAlla) jijbj nature of radiation 

Jj — L ji — juaj Jjlkl 1 4 ) 4 J l Alu£ ' 4al Arthur H. Compton 

scattered jW fm>i — a Aij4*_A (X-ray 4 Oudl A*JiVI AiLio ^ 

. p Lljou/ 11 A-i-lilial! Aj Jaill i Lola. Ia Ujgjj / ' j£-<u V AEj daJ 

« d' la jIaII I ^Lx-diVI oAjuj (jl AjAililill (jjjljfl 4 j ^£411 

^ lllj Igjljjjjflll jl j!iAl ^11 (^4 jj Laxj) 1 g jlc. laLai IajjIj 4-njTi S^Lo 

4* uoVI a I 4 jjui jib) 0 Ajjlj) JUC- (JjoLsj La4ic. (^-l*joij i" i* jlLoi Ia^)j4j 

AiL/lxll c_ iut^ 0 jjaTi I (jli ( 4 lafll mil 
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JU*?> 



I ~ (l+cos 2 0) 



( 1 - 8 ) 



13 Aj (.4 Jafll jji SI A*J£U (J^iaSI ^^ic. Aajxj V I (jl ^ ~i» J I 3Aj 

I jjij £^dajJ (1-6 0jl2iSI £-a 

■7 J^*A 




Figure 1-6. The spectrum of radiation scattered by carbon, 
showing the unmodified line at 0.7078 A on the left and the shifted 
line at 0.7314 A on the right. The former is the wave-length of the 
primary radiation. 

: ajj^j gjUj 

^.^.^aS! Lg-1 jla Aj£^>a • (jjh8^)A AS j'i» jiaSI ^bidVI (jl (jjliA A^. j 

aSI L §1 ^Sa c. ql'W'i Aj£^}a j JaSLaiSI ^-IjuaiVI Ai . ^ja ^Jal jLula 

(j 8 a'i ^ 3j jxjSI AjjI^ ^^ic. -Aajxjj JaSLaiSI ^^^.^aSI (J^laSI ^jc. 

^-^.j aSI (Jj Sail dll 3 jxjIaSI ^1* AVI Aj£^a ^^>d y* (_jjA1aj£ 

(j C. ojLlC. JaSLuoSI ^LxjudSI ^jLiic-Lj <ASS3j JaSLuoSI ^^.^aSI J^faSI ^jc. L ql'iA a SI 

uj — « (diidj) jiixjj y* jjp js ^jUj tiua. In’ AaUaJ dAijJ jill (_JA 

. jjJ&il <*-* elastic scattering 

momentum a — £ jaJI aia£ jli JjaSI dildlSI aSU. ^ ^ j 1 *a ja La£j 
momentum and energy (^1^4') Aq^SI jjjlil £-dakj CjUaS energy AlUaSI j 

. must be conserved 
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A A 1 (jl (jjiii«aj£ iLijJalj^ S^)iblJ£i]l oCA j 

*£**Uj Jo*j p a£ 

( 1 - 9 ) 



hv 



Aj^)lai]| £_iCa^J <jjp jill A j^jxitjj.21 jLiic-l ^aJ Cl 



ii^. 



, AS^^JI A_ia£ j Ajjl_Ia]l (j^J AiL/LxJ! ^jJa jp j AjJjuuII 



E = [(m o c 2 ) 2 +(pc) 2 ]^ (1-10) 



Xic. y jgjataJI Ac. jjai j rest mass a^ a!&1\ ^ m 0 ciu 



aJl)1*-11j ^ l~m'\ p a_^»£ 



aE _ d 
ap dp 



[(m o c 2 ) 2 +(pc) 2 f 



4= [(m o c 2 ) 2 +(pc) 2 ]“2— (pc) 
2 ap 



2 [(m 0 c 2 ) 2 + (pc) 2 ] 



(pc)c 



pc- 



pc- 



E (m 0 2 c 4 +p 2 C 2 ) 



d-11) 



(i-ii) m** j* v =c j 



m„ = o 



.C = 



pc- 



>E=pc 



d-12) 



E = hv Clna. (1-9) A_1 cIjl>j ^c. (Jj^aaaj (1-12) A_lclx-o qa 



- 

p_ c - "^ 



(- 1 C. JaSl ui p o A Jjl-iLl A^^ya> A_ia£j (jjP^S licO 

p (jj J jsll A A jj\ Cxjj . (j£Lai 
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^jUs&Ul — p^l l 



a j>a£ f.lL (jjj^-3 ■ P e recoil .il»£jjl a ! i ;, i,wj^ 

. ( 1-7 

Pe=P°+P (1-13) 

■ ^ ££ j 4 ? 




Figure 1-7. Kinematics for Compton effect. 



- 2 - 2 - 2 o r r 

P e=Pc -P -2p o p 



(1-14) 



AiUall c-lflj (j )V 1 

E = [(m 0 c 2 ) 2 -t-fpc) 2 ] 72 > .^\W E jjJ&lVl A^Ua cVjl 

P J uV) ^ ^ 4S 1 J — £ <j£l UI UJJ-^V' uV m, =0 Cf- 

, ( jLulj 

(1-15) 



.E=m 0 c = mc‘ 



m Ji JLSU1 jjijillj ujj^V' ^ ^ OjSlS 

-Ixj Qjpjillj ^jj^ySS s ']\ 



hv 0 +mc7 =hv + (m 2 c 4 +p c^) 72 
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aJ^IxaSI £_ 1 J^)Jj ^joliVI 4_fl^}JaiS hv (JiLb 



(hv 0 +mc 2 -hv) 2 = (m 2 c 4 +p 2 c 2 ) 



or 



m 2 c 4 + p 7 c 2 =(hv 0 -hv + mc 2 ) 



2 \ 2 



2 4 



= (hv 0 -hv) +2mc (hv 0 -hv) + m c 



(1-16) 



hv 


hv 0 


*a 

ll 

V 

ii 


c 


c 



^jc. 4(1-14) 4-1.4 -x-g 



2 hv 0 2 hv N , hv o hv 

•••P e “ =( )“ +( — ) -2( )( — )cos0 

c c c c 



^Ixjal II J 1*Uri <41 ^Ixjal SI cl^jl (JJJ O^Jt^V^XlSI Lf* 0 

C 2 ^ 4LU-all CJjjJaJ . JaSLuaSI 

(1-17) 



p "(7 = (hvj 2 + (hv) 2 -2(hv o )(hv)cos0 



(1-17) aJ-^IxaS [2hv 0 hvJ 4 3-jjJaj J jp^SS j 



p> ! f 4 ) 4t5 ) 4lW1WI , b?WW 



(hvo -hv) z 



2hvohv (1-cos 0) 



.• . p ' c 2 = (hv 0 - hv) 2 + 2hv O hv(l-cos0) 



(1-18) 



<Jj^a — (1-18) <S^l*-o ^ (1-18) aJAxx ^ (hv 0 -hv) 2 A-ojS (jc. (j2ajj*aSlj 



m 7 c 4 +p/c 2 =p "c 2 -2hv 0 hv (l-cos0) + 2mc 2 (hv o -hv)+m c 



2 4 



| aJ^IxaSI qa A g jl JulLall J jAaJI 4 . VWj ,,(1-19) 
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( 1 - 20 ) 



<Jj la ^^ajuj J A^JI I^Aj J^l^^ ^*J 4J (1-20) 4_I41 jla <^3 — ^— (jl la^V 



me 



a (jjjjfflJ Compton wavelength oJk* ^ j * 



—=2.4x10 10 cm 
me 



(1-21) 



X c" l‘n ; >) ! 1 aSI j <jj j js\\ Ca * ^a (J ^la <jl 4 j!a» a II CllLuiLiaSI j^ya ij£P 43 j 

II j JLS ^)lajl) A, 1 4-glliSI 4 _^£^a 1I l2al , Aj^Jalll A .AJflll la'n 

V C5^'j (k. — ^ l£ J^V'j A* clF L -sil=kJ UAl4^j A — 1 jjjj 

IjjJa^C. ^3 0^)211 £xa JaSLuaSI (jjp^jiSI ^L^aJ IaLulIa ^jli 4 u>nS(j ^)J3tJJ 

^ I LaSI ^ 3 4 Ajqll o4A <jl j ((jj^)l£jyi 4 Jj£ ^j>a V4 j) a^ill 4 SlfLj m {_£* 

-l^J! jli ((jjjj^SVI 4 llfll 4_jjuilSlj 1.1a. c^j) 

<jl t ^_j>a 4 jj^) 3 1 4a. 



o^)ji L^a 411 aj 3 ^j jCitii 

<_£4 SI I a l^j Ja.l_j 



A=A„ 






I 4 A 



A-A 0 =o 



S ijJiiA^ jjjIj ^ A yin>,ii 

4 1a jjxjIaSI yjp jiSI j 4 j^aSI (jjjj£iyi ^-Sc- el u^>a.l ciiLoiLiiSI ^jj 

Cl)4 aJ ^£,iSI ^L^aliS (JjL<ia ^all ><oMI I^A (jl_J — e*\2iSS ^-4 j V I-aJ - 4^jJ 
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s. s. s. s. * 

4 — *_a J — alxJJ <jl L_L^J ( Jaal xA \ ^IxiiSl jl) jjPjall (J (j\ ljU L ^ jJJ 

.^LljuiIIJ 4_Lojjua^JI Ajunlall .lljj lib j t^un-N 4_jl (jaLoil ^ic. 

SjUJI 1-5 

1-5 Wave Prosperities and Electron Diffraction 

l_ya ju . e- jjCa 4 a.nlo L <U.o j Cilljjjt >^>11 j^a I^jjjI e-LoixJl 4.^.1 j 

(jiaJ — jVI c-jjJa — 11 dispersion ?J— la) ^jjJail <Ja. jaII 4 an Jail jjJJJ L_!jLc21 

4-1 J a^ll (>a (>a*j]lj (prism jj xjj l<a o^jj^-a Aic. 4j9-2a CllL^^xd 

, . ( jjCa j^-Hl ^jjjUl (Jla) (■ jt^all 4_i>aJjataJl 4 * jdall Cl AJUJ 

ware- particle duality of £ ^ L ^ _11 4_i. 4 » "l"* 11 j La llbj 

. lights 

- Louis de Broglie ^ — 1 jjap ja ^llc. ^La d924 ^U. 

4 A SLAliall 4_}3 L^l^aj " f- ^jjCail 4 Un'llL 1^^4J 

(jl 1 j 1 1 al LLi^.1 dl >■ ■' j — 4 _i^.^a 11 4ji_ida]l ji - $. jjJatll jll Lli ioCLall 

olb 4j^)la <^L^a CSj ! j?4_i^.^a 4ji_ida i^Loll j) j£j V IcLda tdlLaJjud^. 

4 a. ja J j La jjj j linjj ^^11 (jjllulljl Aallc. jjA 1 g >>i n4 - 4 j >, InLj 4Jt_u^aJ 

4_ia£ j)l^ V 4lic.^)juj j HI 4liljl Lli i ^ P 4lH^)^. 4_ia£ j X j)jp 

(_]j) la 4j (jj)^j>» — ^i^aJ 4 l**'^ _j — ^aJjai^Jl (_j\_3 4 V VlC- p = mv 411^^^ 

■ ^Uib Ja*j g 

.(1-22) 






p 4_1 a£j A. 414 ^-° (jy^J V O^^Jp ^jjl'uVnl lg-ajl£ 4 B^Ljl11 ( 1 ) 



c he he h h 

v hv E ( E^ p 
c 
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JU*?> 



, djjlj jA h 2' ija. 

:5 Jii» 

13a (jj^j 40 m/s 1 g'ic . jjujj 0.14 kg 1 g'4'i^ Sj£l (JjJall c_ u > i^ l 

4c.^)juj ijja 1.00% AjC-^juo (J jla 

o^j£l] 4£^aJI a^, 



p = mco = (0. 14kg) (40m/s) 
= 5.6kg.m.s' 1 






, h 6.63xl0” 34 J.s , . in _ 34 

k = — = — = 1.2x10 m 

p 5.6kg ms 



tit 



_ji >«o\l ^9 ^^-ALiLg J ^lall 13 a q \ 

(jjj jjfHVl 4 _lo£ (j^\ A^ 



p = m v = (9.1xl0“ 31 kg)(2.998xl0 6 ms _1 ) 



6 _ -1 > 



^ & 1 £. ^ x/1 —II 4 c.Jjuj QA 1% ^^A Qjjj££)ll V 4£.jjudll (jl Ja^-V) 

.( j>4' ^ cr lax^ 



.•. p = 2.73x 10“ 24 kg.m.s 



-1 



■ UJ ^ J* 



k=* = 6.63X10 M.s |=2j43xl0 -„ m 



p 2.73xl0" 24 kg.m.s" 1 



= 243 pm 



..AjjaII Ajlx^I AjjIao 243 A-o^all £>3 Aj . , ( 10 12 m (_£jLulJ pm dua.) 
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AjjLLa 4_^.^a <Jjla c} H ^ jJaJJ t^Jill oAA (JLLk ^j-a 

A-xlol <jH j\ La£ cilLaUjai (j jj£l£S)[\ jjl ^g. 'l3M llbj ■ A J Uni II AjUujVI Aji. ^<a (J ^lal 



I I 4 i‘ii, n 



ilxjVL 4i^)Ha Ia^. L^-l A-^.^ 0 <Jjla (j^ Ajjudjllj Lai 

Llujaj l$liAlA* oloj CjU>a 

de Broglie Waves are observed Experimentally 

(Jjo A iix-a A 3J^)IaJ (■" iLaUJ Aili Aj^jL SiLaJ X AjlLoI Ajc. 

£ . 

,X A* Lil ij J 2 ^J o^aUsi]! oAA oiLal] <_£jjL1I <_£jjA 1I <■ . \fjH A x-ula 

AiLoudl) AjjjLII AjJ)}\ J jA SjAUall oaa Ljj^. (—n^ j X-ray diffraction 
, X Aju!i^ £_a Aj^)ls!i«a ( Aj^^LII dllj jLiut-all (jaj 

oil aj (3-a ^Lljuj j\x JJ (jl A^.j AaS 4A_iJj^)^Ii]| A_i^.li]| 

- iA , : ',\\ ^Aj V LaJ - (jaj La>a X A-xjuiI i I AjLla i Aic. LLij A_j^^L 

i*‘^l /iu.inII A_l^, axdl 4 a ssUW 

** * ** * V ** • 

lS JjA C-1 f\ Jn I^IaL — ual A — =dL d)l_ e-a <■* Fu*Ti‘< ^c_ula s j 1-8 Jld 

cjj— a Ail ^jJajj Jldll .(^jjL J£oi Lila) periodic Structure 

_a (_ya 4 . .At 'ull djU. j*1\ jjj phase difference jjLJI <^a 

j^Iall jlila j ojjl ala 



.2D . 

( — )2asm0 
X 



(_^Aaijjuj a ^a n d ij'n) 2 Di ^j^ia]l (jja ^jLuij LaAic.^ 

. j_jl (_^l 4 ?.lij]l Ji.lAi]l Ja^jjuj 



^^2asin0 = 2Dn 
X 
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JU*?> 



Incident X-rays Reflected X-rays 




Atoms in a crystal 



Figure 1-8 the scattering of X-rays by crystal planes when the 
angle 0 between the scattered X-rays and the crystal plane equals the 
angle between the incident X-rays and the plane. 



x= 



2a sin 0 



n 



(1-23) 



Ig-dda uil AyjW dilj ijjjfLSVl 



(. LLuaJ 



(jj 




(Davisson and j — j j j»: jfl b — *1\ ^ ® 

(1- 4_ldlx>2lj ^laxj x (ji Ja^joia j (1-23) 4-Sdlx>dlj o^ajudsj Germer 

o j laaj cIiaALui A 'yjVill o3a (jl ,1-9 ^ jA 22) 

.Wave mechanics CjU. j-dl KnKj* ^ic. jjjkj ^ ejaa^ 



<»> (bi 

FIGURE 1.9 



(a) the X-ray diffraction pattern of aluminum foil, (b) the electron 
diffraction pattern of aluminum foil. The similarity of these two patterns 
shows that electrons can behave like X-rays and display wavelike 
properties. 
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jjj Sjj 1-6 



1-6 The Bohr Atom 

"The Bohr Theory of the Hydrogen Atom Can be Used 
Drive the Rydberg For mole" 

a — Ijjiaj Niels Bohr jj — j ^ w 1 9 1 1 ^ ^ 

Q « Clj L_fl jiall AJaLudJJ (j^j S_j41 o jjg /.'ill 

. S jill 

jjl laj] ta jilll ^3j,a4\ 1 Afla 

A !hlj J JdXJ 4_1 j£ (jl jLiic-l 4 a Clll 

<£—* L SjA* ^ UJJ^V' -WL« F S J^' -UJJ^! JJ^J 



1 (Ze)(e) 



4 [> 



... (1-24) 



^ ( e ) j ( Z =1 o jil) ftljill ^ (Ze) 2 






(jjJiSWI 



mr 



s =8.85x10 12 c 2 N 'm“ 2 



AjJ)£^a]I 4ijiyi 

...(1-25) 



(jj^jfLDU 4-JaaJl 4c-^)judll V t." ift 
\ ,W *1 (jtjjlll b\ jLulaJ 

...(1-26) 



1 2 2 

1 e mv 



4Cfe n r 2 r 
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